Introduction {#section1-2192568219864341}
============

As populations age, spine surgeons see ever more patients with degenerative spine diseases, such as discopathy, articular destabilization and spinal static disorders. These affect patients' quality of life substantially.^[@bibr1-2192568219864341]^ When medical treatment is no longer effective, surgery is needed, often vertebral fusion by the placement of pedicular implants combined with a bone graft.^[@bibr2-2192568219864341][@bibr3-2192568219864341][@bibr4-2192568219864341][@bibr5-2192568219864341]-[@bibr6-2192568219864341]^ Since the 2000s, the rate of long spinal fusions among patients older than 65 years has increased exponentially.^[@bibr7-2192568219864341]^ Moreover, the population of that age is predicted to double by 2050.^[@bibr8-2192568219864341]^ This increasingly older population, however, has comorbidities that affect the prognosis of spinal fusion surgery. In particular, bone quality is crucial for holding vertebral implants in place, but bone mass is known to diminish by as much as 50% in elderly women and 30% in elderly men.^[@bibr9-2192568219864341]^ This reduction causes a decrease of primary fixation of pedicle implants and risks the early loosening of arthrodesis, which may in turn lead to pseudarthrosis, chronic pain, and the need for reoperation, sometimes associated with high patient morbidity.^[@bibr10-2192568219864341]^

Although the complication of loosening is recurrent in clinical practice for spinal fusion, especially among patients with osteoporosis, it is poorly defined in the literature. Although it is a frequent secondary outcome of clinical studies, its definition varies from one article to another. Some authors define it as the appearance of a radiolucent rim \>1 mm around at least one screw on radiography or computed tomography (CT) scan, with or without related symptoms; although others define it as a complete pull-out of implants, symptomatic and requiring surgical revision.^[@bibr11-2192568219864341][@bibr12-2192568219864341]-[@bibr13-2192568219864341]^ Although it has been shown that the appearance of a rim \>1 mm around screws decreases the extraction torque of implants significantly, no conclusion can be reached about its clinical significance.^[@bibr14-2192568219864341]^ Moreover, the prevalence of loosening (ranging from 1% to 60% in the literature) and its functional prognosis both remain unclear.^[@bibr15-2192568219864341]^

The aim of this study was to define the prevalence of screw loosening in spinal fusion, according to whether it is defined as a pulled-out screw or a radiolucent rim ≥1 mm around it.

The secondary goal was to determine the risk factors associated with this complication.

Materials and Methods {#section2-2192568219864341}
=====================

We retrospectively reviewed all patients who underwent a posterior spinal fusion during the 28-month period between January 1, 2011 and May 1, 2016, in our orthopedic center specialized in spine surgery.

The exclusion criteria were as follows: age \<18 years, surgery for causes related to trauma, tumors or primary infection, the use of cemented screws, an anterior-only approach, a follow-up of less than 1 year, or the lack of radiographic (anteroposterior \[AP\] and lateral full-spine pre- and postoperative radiographs) or clinical data.

The preoperative data collected was demographic (age, gender, American Society of Anesthesiologists \[ASA\] score, body mass index \[BMI\], tobacco/alcohol use), clinical (related to poor bone quality: menopause, level of physical activity, corticosteroid treatment, neurodegenerative disease, osteoporosis treatment and its duration), and the indication for surgery (degenerative/scoliosis/spondylolisthesis). The surgical data included surgeon's status (junior/senior); number of fused levels and their upper and lower limits, any associated spine liberation, pelvic fusion, instrumentation at each level); type of implants (chromium-cobalt \[CrCo\]/titanium, diameter of rods, cross links, hooks, circumferential); and the postoperative course (infection, type and duration of immobilization, release from the hospital to home, rehabilitation center).

With the preoperative radiography, we assessed the sagittal balance data (pelvic incidence \[PI\], lumbar lordosis \[LL\], and PI/LL match), Singh classification,^[@bibr16-2192568219864341]^ and C7 plumb line. On the final follow-up radiographs, we assessed sagittal and frontal balance with the same measurements. LL was defined as the L1-S1 angle on sagittal radiography and measured by Cobb's method.^[@bibr17-2192568219864341]^ The PI was measured as described by Marty et al.^[@bibr18-2192568219864341]^

The primary outcome was the prevalence of "screw loosening" as a complication based on each of 2 definitions: radiolucent rim \>1 mm around a screw or a pulled-out screw on the last follow-up radiography. Two independent spine surgeons used PACS software (AGFA Healthcare) for the radiographic measurements.

No institutional review board approval was needed for this study.

Univariable and multivariable logistic regression models were computed to look for variables associated with a radiolucent rim; because of the limited number of events observed, univariable models only were used to predict pulled-out screws. Variables with a relevant effect (*P* \< .1) on the primary outcome in univariable models were fitted into a multivariable model; a final model was developed using a stepwise selection based on Akaike information criteria (stepwise backward and forward model selection).^[@bibr19-2192568219864341]^

Results {#section3-2192568219864341}
=======

The cohort comprised 116 women and 50 men (sex ratio 0.43). Their mean age was 67 years (Q1-Q3 58-73), and their mean BMI 26 kg/m^2^.

[Table 1](#table1-2192568219864341){ref-type="table"} summarizes the other preoperative demographic and clinical data.

###### 

Cohort's Preoperative Demographic and Clinical Data.

![](10.1177_2192568219864341-table1)

  Characteristic                                n     \%
  --------------------------------------------- ----- ------
  Sex                                                 
   Male                                         50    30.1
   Female                                       116   60.9
  Indication                                          
   Degenerative                                 86    51.8
   Scoliosis                                    52    31.3
   Spondylolisthesis                            28    16.9
  ASA (American Society of Anesthesiologists)         
   1                                            50    30.1
   2                                            100   60.2
   3-4                                          16    9.6
  Addiction                                           
   Alcohol                                      16    9.6
   Tobacco                                      67    40.4
  Singh classification                                
   1                                            1     0.6
   2                                            14    8.4
   3                                            35    21.1
   4                                            42    25.3
   5                                            51    30.7
   6                                            23    13.9
  Osteoporosis treatment (yes)                  25    15.1
  Menopause/andropause (yes)                    105   63.3
  Corticosteroid treatment (yes)                16    9.6

The surgical data showed a mean number of fused levels of 4.7 (2; 18), with 31.9% patients having a 2-level fusion, 39.8% fusion between 3 and 5 levels, and 28.3% fusion of more than 5 levels ([Figure 1](#fig1-2192568219864341){ref-type="fig"}).

![Histogram showing the number of levels fused.](10.1177_2192568219864341-fig1){#fig1-2192568219864341}

The prevalence of loosening was 9.6% (95% CI 5.6-15) when it was defined as implant pullout and 40.4% (95% CI 33-48) when defined as a radiolucent rim \>1 mm.

The significant risk factors for loosening defined by pullout assessed radiologically were a thoracic localization (odds ratio \[OR\] 4.56), osteoporosis (OR 7.49), preoperative PI/LL mismatch (OR 1.04), the use of CrCo rods (OR 3.33), and preoperative frontal imbalance (OR 5.88) ([Table 2](#table2-2192568219864341){ref-type="table"}).

###### 

Risk Factors for Pull-Out With Odds Ratios (ORs) and Confidence Interval Minimum and Maximum \[CImin-CImax\] and the Associated *P* Value.

![](10.1177_2192568219864341-table2)

                                                      Pull-Out Univariable Regression   
  --------------------------------------------------- --------------------------------- ---------
  Age                                                 1.02 \[0.97-1.07\]                .420
  Pathology (scoliosis)                               2.95 \[0.91-9.55\]                .072
  Pathology (spondylolisthesis)                       1.94 \[0.43-8.71\]                .390
  Localization (thoracic)                             4.56 \[1.58-13.17\]               .005^a^
  ASA (2)                                             1.00 \[0.32-3.10\]                1.000
  ASA (3)                                             0.60 \[0.06-5.55\]                .650
  Menopause---hypogonadism                            4.54 \[1.00-20.7\]                .051
  Osteoporosis                                        7.49 \[1.64-34.09\]               .009^a^
  Titanium rods                                       0.30 \[0.11-0.87\]                .026^a^
  PI/LL mismatch (preoperative)                       1.04 \[1.01-1.08\]                .025^a^
  Frontal balance (preoperative)                      0.17 \[0.05-0.61\]                .007^a^
  Senior surgeon                                      1.74 \[0.47-6.42\]                .400
  Number of levels fused (\>5)                        1.14 \[0.99-1.30\]                .069
  Inferior level of instrumentation (thoracolumbar)   0.44 \[0.15-1.34\]                .150
  All levels fused                                    0.61 \[0.12-3.00\]                .540
  Circumferential arthrodesis                         0.40 \[0.13-1.20\]                .100
  Postoperative immobilization (brace)                1.60 \[0.56-4.56\]                .380

Abbreviation: ASA, American Society of Anesthesiologists; PI, pelvic incidence; LL, lumbar lordosis.

^a^Statistically significant *P* values (*P* \< .05).

The risk factors significantly associated with loosening defined by a rim \>1 mm were age (OR 1.04), a fusion indication for scoliosis (OR 2.68), a thoracic localization (OR 3.29), ASA score 2 (OR 2.24) or 3 (OR 4.74), osteoporosis (OR 3.18), the use of CrCo rods (OR 2.33), a preoperative PI/LL mismatch (OR 1.05), preoperative frontal imbalance (OR 4.0), more than 5 levels fused (OR 1.21), sacrum or ilium as the inferior level of instrumentation (OR 2.70), the absence of circumferential arthrodesis (OR 2.08), and postoperative bracing (OR 2.86) ([Table 3](#table3-2192568219864341){ref-type="table"}).

###### 

Risk Factors for Rim \>1 mm Around Screws With Odds Ratios (ORs) and Confidence Interval Minimum and Maximum \[CImin-CImax and the Associated *P* Values in Univariate Analysis and Multivariate Final Model.
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                                                      Univariable Regression   Multivariate Final Model                        
  --------------------------------------------------- ------------------------ -------------------------- -------------------- ---------
  Age                                                 1.04 \[1.01-1.07\]       .005^a^                    1.03 \[1.00-1.07\]   0.065\*
  Pathology (scoliosis)                               2.68 \[1.32-5.45\]       .006^a^                    ---                  ---
  Pathology (spondylolisthesis)                       0.79 \[0.31-2.00\]       .610                       ---                  ---
  Localization (thoracic)                             3.29 \[1.59-6.80\]       .001^a^                    ---                  ---
  ASA (2)                                             2.24 \[1.06-4.71\]       .034^a^                    ---                  ---
  ASA (3)                                             4.74 \[1.44-15.64\]      .011^a^                    ---                  ---
  Menopause---hypogonadism                            1.86 \[0.96-3.62\]       .067                       ---                  ---
  Osteoporosis                                        3.18 \[1.65-6.11\]       .001^a^                    1.96 \[0.91-4.22\]   .085
  Titanium rods                                       0.43 \[0.21-0.86\]       .0180^a^                   ---                  ---
  PI/LL mismatch (preoperative)                       1.05 \[1.02-1.08\]       .001^a^                    ---                  ---
  Frontal balance (preoperative)                      0.25 \[0.13-0.48\]       .00004^a^                  0.44 \[0.21-0.93\]   .032^a^
  Senior surgeon                                      2.08 \[1.00-4.33\]       .052                       ---                  ---
  Number of levels fused (\>5)                        1.21 \[1.09-1.35\]       .0003^a^                   ---                  ---
  All levels fused                                    0.34 \[0.11-1.07\]       .066                       ---                  ---
  Circumferential arthrodesis                         0.48 \[0.25-0.90\]       .022^a^                    0.44 \[0.21-0.91)    .027^a^
  Postoperative immobilization (brace)                2.86 \[1.47-5.55\]       .002^a^                    2.20 \[0.99-4.87\]   .053
  Inferior level of instrumentation (thoracolumbar)   0.37 \[0.19-0.70\]       .002^a^                    0.45 \[0.22-0.94\]   .035^a^

Abbreviation: ASA, American Society of Anesthesiologists; PI, pelvic incidence; LL, lumbar lordosis.

^a^Statistically significant *P* values (*P* \< .05).

None of the other factors analyzed were statistically significant.

Investigating the incidence of loosening when pelvic joint fusion was performed, we found that the rate of loosening, regardless of its definition, was higher when the distal level involved the iliac spine rather than the sacrum ([Figure 2](#fig2-2192568219864341){ref-type="fig"}).

![Rate of loosening for both definitions (rim \>1 mm around at least 1 screw and screw pull-out) according to the distal level of the fusion.](10.1177_2192568219864341-fig2){#fig2-2192568219864341}

Discussion {#section4-2192568219864341}
==========

This study found that the incidence of screw loosening was more than 4 times higher when defined by a radiolucent rim \>1 mm than by screw pull-out.

The risk factors in common for both definitions were osteoporosis, preoperative PI/LL mismatch, thoracic localizations and preoperative frontal imbalance. These risk factors were consistent with the literature. Among others, Scheyerer et al,^[@bibr20-2192568219864341]^ using CT imaging, found osteoporosis and age to be significant risk factors for loosening in spine instrumentation.

The finding that CrCo rods are a risk factor for loosening suggests that failure by loosening is most likely in rigid constructions. Certainly, it has long been known that CrCo is more rigid than other materials.^[@bibr21-2192568219864341]^ Similarly, the adjunction of an anterior support was associated with a decrease of loosening risk (OR 0.44 \[0.21-0.91\]; *P* = .027 in multivariate analysis), which may be explained by the improved fusion rates by anterior lumbar interbody fusion, compared with posterior arthrodesis only, that may more than compensate the stiffness of the construct.^[@bibr22-2192568219864341],[@bibr23-2192568219864341]^ The key associated factor seems to be sagittal imbalance (PI/LL \>10°), which was associated with a negative prognosis for implant anchorage in the bone under both definitions. The strong correlation of sagittal balance with postoperative patient satisfaction is further evidence of its importance.^[@bibr24-2192568219864341]^

Among the other risk factors observed, the higher incidence of rims around the screws when the distal level of the fusion was the sacrum or the ileum, compared with L5 is consistent with other studies.^[@bibr25-2192568219864341],[@bibr26-2192568219864341]^ On the other hand, the relative increased loosening when constructs stopped at the ilium in our study compared with the literature may be explained by the complexity of the cases requiring extension of distal fixation.^[@bibr25-2192568219864341],[@bibr26-2192568219864341]^ Osteoporosis was strongly associated (OR 7.49 and 3.18 for pull-out and osteolysis, respectively) with loosening, as expected. The data was insufficient to allow us to assess the effect of osteoporotic treatment by dosage or duration.

The study's principal limitation was its retrospective design, with the standard forms of potential bias it entails, including, among others, selection and recall bias. Moreover, the measurements were made on plain radiograms, and only a minority of patients had postoperative CT. We chose to assess loosening by either a rim \>1 mm or a pulled-out screw, because these are the most commonly used criteria in the literature and enabled us to compare the series. Although it might have been interesting to test the method described by Benneker et al,^[@bibr27-2192568219864341]^ the size of the cohort was sufficient to identify several clear risk factors and make progress in defining loosening in spine instrumentation.

In conclusion, loosening affected 1 in 10 patients when defined by screw pull-out, and more than 4 in 10 developed a radiolucent rim \>1 mm around at least one screw. The risk factors that seemed most important were osteoporosis, sagittal imbalance (PI/LL \>10°), and the use of CrCo rods. These findings underline the importance of preoperative screening of patients for risk factors. Indeed, osteoporosis treatment before surgery or the use of cemented screws should help prevent some loosening.^[@bibr28-2192568219864341],[@bibr29-2192568219864341]^ Reducing the length of the fusion if possible and paying special attention to sagittal balance when instrumenting deformations should decrease the rate of screw loosening in posterior spinal fusions.
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